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Abstract 


We  have  analyzed  the  Immunotherapeutlc  effect  of  cytotoxic  T  lymphocytes 
transferred  to  mice  with  Influenza  and  demonstrated  that  highly  cytotoxic 
Influenza  A  specific  H-2  restricted  killer  T  cells  are  able  to  significantly 
reduce  the  pulmonary  virus  titer  of  mice  with  Influenza  pneumonia.  The  effect 
Is  dose  dependent  with  significant  decreases  In  lung  virus  titers  observed  at 
Immunotherapeutlc  doses  of  5  x  10®  through  30  x  10®  stimulated  spleen  cells. 
The  reduction  In  virus  titers  Is  Impressive,  an  90%  decrease  at  a  dose  of  5  x 
10®  cells  and  99%  decrease  at  a  dose  of  30  x  10®  cells,  when  lungs  were  tested 
4  days  after  challenge.  The  effector  cells  must  be  cytotoxic  to  influenza  A 
Infected  syngeneic  cells  In  vitro  In  an  H-2  restricted  virus  specific  fashion. 
If  they  are  to  protect.  Interferon  titers  were  performed  on  the  sane  lungs 
which  were  tested  for  Influenza  virus,  and  the  recipients  of  the  cytotoxic 
cells  which  had  the  greatest  reduction  in  pulmonary  virus  had  no  detectable 
antiviral  activity  In  their  lungs.  A  low  level  of  interferon  was  detected  in 
the  recipients  oflower  doses  of  cells  but  the  highest  levels  of  Interferon 
were  detected  In  the  mice  who  were  Infected  but  did  not  receive  cytotoxic 
*ells. 

Experiments  were  performed  to  analyze  the  effect  of  major  histocompatabil- 
Ity  complex  (MHC)  control  over  the  production  of  Interferon  when  the  cytotoxic 
T  cell  comes  In  contact  with  the  viral  Infected  target  cell.  Influenza  virus, 
of  course,  induces  alpha  Interferon  but  higher  levels  of  Interferon  are 
observed  when  previous  Immunized  animals  were  the  source  of  spleen  cells  which 
were  added  to  virus  Infected  H-2  matched  target  cells.  The  higher  levels  of 
Interferon  are  Induced  when  virus  Infected  target  cells  of  the  same  H-2  type 
were  exposed  to  H-2  matched  lymphocytes,  which  had  been  previously  stimulated 
with  same  or  a  related  Influenza  A  virus  that  was  used  to  Infect  the  target 
cells,  but  not  when  exposed  to  Influenza  B  virus  Infected  target  cells.  There 
Is  a  decrease  In  the  level  of  antiviral  activity  noted  following  pH  2  treat¬ 
ment  of  fluids  which  were  obtained  from  H-2  matched  target  cells  vrtilch  had 
been  exposed  to  Influenza  A  virus  stimulated  cells,  and  this  Interferon  Is 
neutralized  by  antiserum  to  gamma  Interferon.  In  the  presence  of  unprimed 
lymphocytes  or  of  Infected  target  cells  expressing  the  relevant  Influenza  A 
virus  but  with  different  H-2  antigens  there  Is  little  or  no  Interferon 
detected,  and  the  Interferon  detected  Is  pH2  stable.,  and  Is  neutralized  by 
antiserum  to  a  Interferon. 

Production  of  Interferon  during  stimulation  of  memory  lymphocytes  by  syn¬ 
geneic  virus  Infected  stimulator  cells  was  also  analyzed.  Peak  Interferon 
titers  are  reached  by  18  hours  after  exposure  of  responder  lymphocytes  to  such 
stimulating  cells.  The  highest  titers  of  antiviral  activity  In  supernatant 
fluids  were  obtained  when  memory  lymphocytes  from  previously  Immunized  mice 
were  stimulated  with  a  related  Influenza  A  virus,  although  the  antigenic 
relatedness  Is  crossreactive  among  Influenza  A  subtypes.  The  Interferon  pro¬ 
duced  by  memory  cells  that  had  previously  been  Infected  with  the  same  Influ¬ 
enza  A  virus  or  one  of  another  A  subtype  Is  gamma  Interferon  as  characterized 
with  speclfc  antigamma  Interferon  antibodies.  Immune  cells  cultured  without 


restimulation,  and  non-immune  lymphocytes  stimulated  by  virus  infected  cells, 
produce  alpha  Interferon  which  is  neutralized  by  specific  antiserum  to  alpha 
1  rrterferon. 

In  preliminary  experiments  we  have  begun  to  characterize  the  lymphocytes 
producing  alpha  and  gamma  interferon  in  these  cultures.  A  large  percentage  of 
cells  in  these  responding  lymphocyte  cultures  contain  antigens  which  react 
with  antl-murine  Interferon  alpha  serum,  or  anti -murine  interferon  gamma 
serum.  Using  normal  rabbit  serum  the  level  of  background  staining  was  about 
1%.  The  percentage  of  cells  which  contain  murine  Interferon  alpha  following 
antigenic  stimulation  with  virus  Infected  syngeneic  cells  in  culture  for  18 
hrs  Is  approximately  6%,  and  18%  contained  Interferon  gamma  interferon.  When 
these  cells  were  added  to  H-2  matched  target  cells  Infected  with  influenza  A 
virus  there  Is  a  marked  increase  in  the  percent  of  cells  reacting  with  the 
antiserum  to  murine  gamma  interferon  to  50%,  without  an  increase  In  the  number 
of  cells  reacting  with  antiserum  to  alpha  interferon.  Thus,  we  have  evidence 
that  gamma  Interferon  producing  cells  are  present  in  the  population  of  cells 
which  are  cytotoxic  In  vitro  and  which  are  highly  effective  as  immuno- 
therapeutic  agents  when  transferred  in  to  mice  with  influenza  pneumonia.  The 
striking  Increase  In  the  number  of  cells  containing  gamma  Interferon  when  they 
are  exposed  to  the  virus  Infected  target  cells  suggests  an  important  role  for 
gamma  Interferon  In  recovery  from  influenza  pneumonia. 

We  have  developed  clones  of  helper  or  cytotoxic  virus  specific  MHC 
restricted  T  lymphocytes  which  produce  gamma  Interferon  to  various  levels 
following  stimulation  by  Infected  antigen  presenting  cells.  These  clones  will 
be  used  In  immunotherapeutlc  protocols  to  determine  the  contribution  of  the  Tc 
and/or  gamma  Interferon  in  recovery  from  viral  pneumonia. 
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Narrative  Summary 

We  have  focused  our  attention  during  the  first  few  months  of  this  project 
to  the  respiratory  viral  challenge  model.  We  had  published  some  earlier 
experiments  using  these  techniques,  and  we  were  anxious  to  establish  more 
quantitative  Information  concerning  this  model  of  Immunotherapy  of  acute 
respiratory  virus  pneumonia  prior  to  performing  extensive  therapeutic  Inter¬ 
vention  experiments  using  antiserum  to  murine  alpha  and  gamma  interferon.  We 
have  available  specific  antisera  against  murine  alpha  and  gamma  interferon. 

The  antisera  which  we  have  used  In  these  experiments  was  kindly  provided  by 
our  collaborators:  Dr.  Kawade  of  Kyoto  gave  us  a  high  titered  specific  anti- 
interferon  alpha  antisera  prepared  In  rabbits,  and  we  have  two  antisera  to 
murine  gamma  interferon  provided  by  Dr.  E.  Havell  of  New  York  and  Dr.  H. 
Johnson  of  Galveston. 

The  general  methods  employed  in  the  immunotherapeutic  protocol  are  sum¬ 
marized  In  Figure  1.  Very  briefly,  we  immunized  the  donor  animals  with  sub- 
lethal  doses  of  virus  given  by  the  natural  intra-nasal  route.  Three  weeks  or 
more  later  we  remove  spleen  cells  from  the  donor  animals  and  stimulate  them  in 
vitro  with  syngeneic  stimulator  cells  infected  with  influenza  A  virus,  the 
unrelated  influenza  B  virus,  or  with  uninfected  stimulator  cells.  Following  5 
days  of  culture  the  responding  cells  are  tested  for  their  ability  to  kill 
Influenza  Infected  target  cells  in  a  &1Cr  cytotoxicity  ass§y.  The  spleen 
cells  from  Immunized  donor  animals  will  routinely  become  highly  cytotoxic  in 
vitro  If  stimulated  by  a  related  influenza  A  virus,  but  immune  cells  stimu¬ 
lated  with  an  unrelated  virus,  or  by  uninfected  stimulator  cells  will  not 
become  cytotoxic.  We  measure  the  production  of  interferon  by  these  stimulated 
cytotoxic  T  cells,  and  transfer  them  to  recipient  animals  who  have  influenza 
pneumonia  as  a  result  of  previous  administration  of  influenza  virus.  Three 
days  after  cell  transfer  we  assess  the  therapeutic  effects  by  measuring  pulmo¬ 
nary  virus  titers,  and  Interferon  activity  In  the  lungs  of  the  recipient  mice. 
The  interferon  which  Is  measured  In  the  supernatant  fluids  of  the  stimulated 
cells  when  they  are  exposed  to  Infected  target  cells  or  in  the  lungs  of 
Infected  mice  is  titered  by  pretreatment  of  L929  cells  which  is  subsequently 
challenged  with  VSV  virus.  Initial  characterization  is  done  by  the  pH  treat¬ 
ment  and  detailed  Interferon  analysis  Is  performed  using  specific  antisera. 

The  effect  of  Tc  transfer  on  Influenza  virus  titers  in  the  lungs  of  reci¬ 
pient  mice  is  shown  below  as  Experiment  1  In  Table  1. 
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TA8LE  1 


Effect  of  Transfer  on  Influenza  Virus  Titers 
in  the  Lungs  of  Recipient  Mice 


A.  Expt.  1 

Effector  Cells 

%  Specific  Lysis  of  Target  Cells3 

Vims  Titer. 

Transferred 

Infected 

Uninfected 

in  the  Lungb 

Stimulated  Immune 

56.7 

2.1 

105.1 

Non  Stimulated  Immune 

13.5 

0.9 

1q6.0 

a)  E:T  ratio  of  3:1 

b)  Pulmonary  Virus  Titer-Egg  Infections  Dose  5Q  (EID5Q/O.I  ml)  on  day  4  after 
challenge. 

c)  Cells  transferred:  12  x  lO^/recIplent  on  day  1  after  viral  challenge. 


B.  Expt.  2 

Effector  Cells 
Transferred 

%  Specific  Lysis  of  Targeted  Cel  Isa 
Infected  Uninfected 

Vims  Titer 
in  the  Lungb 

Stlmulated-30  x  106 

18.6 

1.1 

104.2 

Stlmulated-10  x  106 

- 

- 

105.1 

None 

- 

- 

106.1 

a)  E:T  ratio  -  3:1 

b)  Pulmonary  Virus  Titer  -  EID5Q/O.I  ml. 


The  stimulated  Immune  cells  were  highly  cytotoxic  even  at  the  low  effector 
target  ratio  of  3:1  when  they  are  added  to  syngeneic  target  cells  infected 
with  the  influenza  A  virus  that  was  used  to  infect  the  donor  mice.  This  is  a 
standard  51Cr  release  ass$y  and  the  percent  specific  lysis  is  calculated  by 
the  formula:  %  Specific  Immune  Lysis  «  Exp  CPM  -  Media  CPM  x  iqo 

Max  CPM  -  Media  CPM 

The  effector  cells  that  have  been  cultured  for  5  days  were  obtained  from 
Immune  animals  as  described  above;  some  were  cultured  in  the  presence  of  syn¬ 
geneic  Influenza  A  Infected  cells  and  others  In  flasks  which  did  not  contain 
such  stimulator  cells.  These  were  assessed  in  the  51cr  release  assay,  and 
even  at  the  low  effector  target  ratio  of  3:1  thay  caused  very  high  specific 
killing  of  Infected  target  cells.  When  these  cells  were  transferred  to  reci¬ 
pient  mice  there  was  an  approximately  90*  reduction  In  lung  vims  titus.  The 
lower  portion  of  Table  1,  reveals  data  from  Experiment  2  in  which  we  studied 
the  effects  of  2  doses  of  stimulator  cells,  30  x  106  and  10  x  106,  after 
transfer  to  vims  Infected  recipients.  Recipients  of  10  x  10°  cells  had  a 
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90%  reduction  In  pulmonary  virus  titer,  and  when  the  dose  Is  Increased  to  30 
x  10*>  the  reduction  In  virus  titer  was  approximately  99%. 

A  more  detailed  dose  response  study  was  performed  and  results  of  this 
experiment  are  represented  In  Table  2.  There  was  a  90%  reduction  in  pulmonary 
virus  titer  at  doses  of  5  to  10  million  cells  but  when  20  to  30  million  cells 
were  given  greater  than  99%  of  reduction  In  virus  titer  was  observed. 

TABLE  2 

Dose  Response  Effect  of  Transferred  Tc  on 
Influenza  Virus  Titers  In  Lungs  of  Recipient  Mice 


Effector  Cell  Transferred 
( Immune-Stlmulated) 

Virus  Titer 
in  the  Lung 

30  x  lOf 

3.63  ±  1.2a 

20  x  10® 

3.97  ±  1.3 

10  x  106 

4.53  ±  1.2 

5  x  106 

4.83  ±  0.9 

0 

5.97  ±  0.07 

aLogjo  eid50  expressed  as  Mean  ±  S.D.,  3  lung/group. 


Table  3  contains  the  results  of  pulmonary  virus  and  lung  interferon  assays 
measured  In  the  recipients  of  the  cytotoxic  T  lymphocytes  in  this  dose 
response  experiment.  Following  administration  of  the  cytototic  T  lymphocytes 
there  was  a  marked  decrease  In  the  pulmonary  virus  titers.  The  lung  homo¬ 
genates  were  measured  for  their  content  to  interferon  after  being  treated  with 
a  high  titered  specific  antisera  to  Influenza  hemogluttlnin  to  neutralize  all 
residual  viral  Infectivlty,  which  was  confirmed  (data  not  present),  and  the 
lung  Interferon  titers  are  shown  In  Table  3. 
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TABLE  3 

Interferon  Titer  and  Pulmonary  Virus  Titer 
in  Recipients  of  Tc 


Cells  Transferred 

Pulmonary3 
Virus  Titer 

Percent 15 
Reduction 

IFN  in  lunqC 

30  x  106 

3.63 

98 

<4 

20  x  106 

3.97 

95 

<4 

10  x  106 

4.52 

87 

9.8d 

5  x  106 

4.83 

82 

4 

None 

5.97 

78.8d 

a)  Pulmonary  Virus  Titers  determined  as  EIDgg  3  days  after  cell  transfer,  4 
days  after  viral  challenge. 

b)  Percent  reduction  in  the  mean  influenza  virus  titer  in  the  lungs  of 
recipient  mice  compared  to  group  which  received  no  Tc  (three  mice/group). 

c)  International  Units  of  Interferon  detected  in  lungs  4  days  after  Infection, 
3  days  after  cell  transfer. 

d)  pH2  treatment  did  not  change  IFN  titer  of  these  tested  samples. 

The  results  indicate  that  at  the  higher  dose  of  transferred  cells  there 
was  no  detectable  antiviral  activity  in  the  pulmonary  homogenates.  With  a 
lower  number  of  transferred  cells,  and  replication  of  over  4  logs  of  virus, 
low  levels  of  antiviral  activity  were  detected  in  the  lungs.  Animals  that 
received  no  cells  had  high  pulmonary  virus  titers,  and  had  a  high  titer  of 
Interferon  In  the  lung  homogenate.  The  Interferon  detected  was  demonstrated 
to  be  pH  2  reslstent,  and  is  alpha  Interferon  In  neutralization  assays. 

We  then  performed  an  experiment  In  which  we  analyzed  the  content  of  inter¬ 
feron  In  the  recipient  lungs  shortly  after  cell  transfer.  The  results  pre¬ 
sented  above  were  obtained  72  hours  after  cell  transfer  and  4  days  after  virus 
Infection. 

TABLE  4 

Interferon  Activity  In  the  Lungs  of 
Mice  with  Influenza  Infections 


Hours  after  Cell  Transfer 


Cells  Transferred 

3 

6 

18 

24 

72 

Stimluated  Immune  (30x10®) 

<4 

<4 

<4 

<4 

<4 

None 

<4 

<4 

<4 

<4 

8 
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Table  4  contains  results  which  Indicate  that  no  Interferon  activity  was 
detected  In  the  recipients  of  the  secondarily  stimulated  cytotoxic  T  lympho¬ 
cytes  at  ar\y  time  point  from  3  to  72  hours  after  infection,  and  that  the  virus 
Infected  mice  which  had  not  received  such  cells  had  antiviral  activity 
detected  at  72  hours  when  pulmonary  virus  titers  were  high.  These  results 
do  not  demonstrate  a  high  production  of  gamma  Interferon  In  the  lung  of  the 
Immunotherapeutlcally  treated  animals.  Although  there  Is  no  measurable  anti¬ 
viral  activity  In  the  lungs  of  recipient  mice  that  received  the  potent  Immuno¬ 
therapy  with  cytotoxic  T  lymphocytes,  the  experiment  clearly  does  not  rule  out 
the  possibility  that  gamma  Interferon  was  produced  at  the  site  of  target  cell 
Interaction  with  the  stimulated  effector  cells  which  could  be  highly  active. 

In  order  to  examine  In  a  more  sensitive  way  the  production  of  interferon 
during  Interaction  between  killer  cells  and  infected  target  cells  we  assessed 
the  antiviral  activity  of  supernatant  fluids  following  exposure  of  cytotoxic  T 
lymphocytes  to  virus  Infected  target  cells  in  vitro.  The  results  are  sum¬ 
marized  In  Table  5. 

TABLE  5 

Intarferon  Production  During  Tc  Assay  of 
Killer  and  Infected  Target  Cells 


Effect or ;Tarqet  Cell  Ratio 


Target  Cells 


Infected 
Uninfected 
No  Target  Cells 


a)  Dilution  of  supernatant  fluid  which  had  antiviral  activity. 

There  Is  little  or  no  Interferon  produced  when  influenza  A  stimulated 
effector  cells  $re  added  to  wells  containing  no  target  cells.  At  a  30:1  E:T 
ratio  there  was  a  low  level  of  antiviral  activity  detected  when  stimulator 
cells  were  added  to  uninfected  target  cells  and  none  was  detected  at  lower 
effector: target  ratios.  When  the  stimulated  cells  were  added  to  Infected 
target  cells.  Interferon  activity  was  detected  In  the  supernatant  fluids  at 
all  effector  target  ratios  studied.  Thus,  In  a  period  of  just  five  hours 
following  exposure  of  Immune  highly  cytotoxic  effector  cells  there  was  produc¬ 
tion  of  antiviral  activity  when  the  effector  cells  were  in  contact  with  the 
target  cell.  Although  there  Is  some  Interferon  alpha  In  this  supernatant 
fluid  since  the  target  cell  Is  Infected  with  Influenza  virus,  the  material 
also  contains  gamma  Interferon  as  determined  by  neutralization  with  specific 
antisera  which  was  produced  by  the  lymphocytes  when  they  contacted  the 
Infected  target  cell.  In  addition  to  being  able  to  kill  Influenza  A  Infected 
cells  these  stimulated  lymphocytes  are  able  to  produce  gamma  interferon  when 
th^y  recognize  the  appropriate  viral  Infected  target  cell. 

In  th«  next  experiments  we  analyzed  the  effect  of  major  hlstocompatabllity 
of  antlge  »  as  well  as  viral  antigenic  specificity  on  Interferon  production  by 
t  .  cvt'  axle  T  lymphocytes  when  th$y  come  Into  contact  with  the  virus 


infected  target  cells.  The  results  indicate  that  the  addition  of  immune 
lymphocytes  which  have  been  secondarily  stimulated  in  vitro  by  influenza  A 
viruses  produce  much  higher  levels  of  interferon  when  they  are  placed  on  tar¬ 
get  cells  infected  with  related  influenza  A  viruses  than  on  target  cells  that 
are  infected  with  unrelated  influenza  B  virus  or  are  not  infected.  The  addi¬ 
tion  of  immune  cells  to  target  cells  which  were  have  mismatched  MHC  antigens 
resulted  in  no  increase  in  interferon  activity  over  that  produced  by  the  virus 
itself  in  the  absence  of  added  lymphocytes. 

TABLE  6 

Effect  of  MHC  Antigen  and  Virus  Antigens  on  IFN  Production  by  Tc 


A.  Previous 

Stimulation 

P815  (H-2d) 

L929  (H-2k) 

of  H-2D 

Effectors 

Target  Cel  Is 

Target  Cel  Is 

Seconda  rv 

A/PC 

B 

A/PC 

A/PC 

16 

8 

2 

2 

8 

2 

A/PC 

A/BK 

64 

16 

2 

<2 

8 

<2 

A/PC 

B 

8 

4 

2 

2 

8 

2 

A/PC 

0 

16 

<2 

2 

<2 

8 

<2 

0 

A/PC 

32 

.a 

2 

<2 

- 

- 

0 

A/BK 

- 

4 

2 

<2 

- 

- 

0 

B 

8 

4 

2 

2 

8 

2 

0 

0 

16 

<2 

2 

<2 

8 

<2 

a Indicates  not 

tested 

B.  Effect  of  pH2  treatment 

on  IFN  Activity 

Previous 

Stimulation  of  Effectors 

(H-2d) 

P815  (H-2d) 

L929  (H-2k) 

Primary 

Seconda  ry 

A/PC 

A/BK 

APC 

pH7 

pH2 

pH7 

P"2 

pH? 

pH2 

A/PC 

A/PC 

4 

<2 

4 

<2 

2 

<2 

A/PC 

A/BK 

16 

8 

16 

2 

2 

2 

A/PC 

B 

4 

<2 

<2 

<2 

<2 

<2 

A/PC 

• 

2 

2 

• 

- 

<2 

<2 

No 

A/PC 

<2 

<2 

* 

C.  Tc  Lysis  of  51o  labelled  Target  Cells  in  this  Experiment 

XSpecific  release  of  51Cr  from  target  cells 
Ef  fector:Target  infected  Uninfected 


30:1 

10:1 

3:1 


91.9 

82.0 

68.1 


7.4 

4.1 

0.6 


The  results  presented  in  Table  6  indicate  that  increased  levels  of  inter¬ 
feron  are  detected  after  adding  immune  lymphocytes  to  virus  infected  target 
cells.  Increased  interferon  is  detected  if  the  lymphocytes  have  been  stimu¬ 
lated  by  the  related  influenza  virus  previously,  and  when  the  stimulated 
lymphocytes  are  placed  on  H-2  matched  target  cells  but  not  on  target  cells 
infected  with  an  irrelavant  virus,  influenza  B,  on  uninfected  targets  or  on 
target  cells  infected  with  the  relevant  virus  but  which  do  not  share  H-2  anti¬ 
gens.  The  wells  from  which  supernatant  fluids  were  obtained  in  this  experi¬ 
ment  contained  target  cells  which  were  not  labelled  with  51o,  but  we  con¬ 
firmed  that  active  cytotoxic  T  cell  activity  was  present  in  a  parallel  experi¬ 
ment  performed  on  51o  labelled  cells  in  another  plate.  The  results  shown  on 
the  bottom  of  Table  5  indicate  a  high  percentage  of  the  infected  cells  were 
killed  in  a  dose  responsive  fashion  by  the  cytotoxic  T  lymphocytes.  Some  of 
the  supernatant  fluids  from  this  experiment  were  treated  at  ph2  and  assessed 
for  the  effective  antiviral  activity.  There  was  little  or  no  change  seen  in 
antiviral  activity  with  supernatant  fluids  from  the  H-2  mismatched  effector 
and  target  cells  after  pH  2  treatment,  so  that  interferon  is  acid  resistant. 
The  supernatant  fluids  from  wells  that  contained  H-2  matched  effector  and  tar¬ 
get  cells  contains  some  interferon  which  decreases  in  titer  following  treat¬ 
ment  at  pH  2. 

This  indicated  that  there  is  MHC  restriction  and  influenza  virus  anti¬ 
genic  specificity  in  the  production  of  interferon  when  the  cytotoxic  T  lympho¬ 
cyte  recognizes  infected  target  cells.  To  further  confirm  the  presence  of 
gamma  interferon  in  such  wells  we  attempted  to  neutralize  the  activity  of  the 
interferon  activity  with  the  specific  anti  alpha  IFN  antisera  provided  by  Dr. 
Kawade  and  antigamma  IFN  by  Dr.  Johnson.  Immune  cells  that  were  stimulated  by 
a  related  virus  were  added  to  target  cells  infected  by  a  related  virus  pro¬ 
duced  interferon  that  was  blocked  by  antimurine  gamma  antibody.  Non-immune 
lymphocytes  exposed  to  infected  target  cells  had  interferon  activity  that  was 
neutralized  by  antisera  to  alpha  interferon,  but  not  by  the  anti-sera  to  mur¬ 
ine  gamma  interferon  as  shown  in  the  table  below. 

Table  7 

Characterization  of  Interferon  Produced  Following  in  Vitro 
Stimulation  wi th  Influenza  Infected  Cells 


Lymphocyte 

Donor 

Stimulation 

Titer  of  Interferon  After  Antisera3  Treatment 

- 

R  anti  a 

R  anti 

Anti  a  + 

Immune 

+ 

32 

16 

16 

8 

<4 

Immune 

- 

16 

16 

<4 

16 

<4 

Non-immune 

+ 

4 

4 

<4 

4 

<4 

Non-immune 


8  16 


<4 


16 


<4 


To  follow  up  on  these  observations  that  lymphocytes  produce  gamma  inter¬ 
feron  when  they  come  into  contact  with  the  virus  infected  target  cell,  we  have 
begun  experiments  to  quantitate  and  further  characterize  the  nature  of  the 
lymphocytes  producing  a  gamma  interferon  in  this  system.  In  the  first  of 
these  experiments,  the  results  of  which  are  briefly  summarized  in  the  table 
below,  we  examined  cells  by  indirect  fluorescence  antibody  techniques  for  the 
presence  of  interferon  in  the  population  of  immune  cells  which  were  highly 
cytotoxic  in  vitro  and  therapeutic  in  vivo.  These  lymphocytes  had  been  stim¬ 
ulated  in  vitro  with  influenza  A  infected  syngeneic  cells  for  18  hrs  and  then 
were  placed  on  target  cells,  matched  at  the  H-2  locus,  which  were  either  unin¬ 
fected  or  infected  with  the  same  influenza  A  that  had  been  used  to  stimulate 
the  donor  lymphocytes.  These  lymphocytes  were  removed  from  wells  containing 
no  target  cells,  uninfected  H-2  matched  target  cells,  or  virus-infected  H-2 
matched  target  cells,  and  reacted  with  normal  rabbit  serum,  hyperimmune  speci¬ 
fic  antimuring  alpha  interferon  serum  (Dr.  Kawade)  or  antimurine  gamma  inter¬ 
feron  (Dr.  Johnson).  The  results  indicated  that  approximately  25  to  35%  of 
the  lyvhocytes  in  the  culture  following  5  days  of  stimulation  by  influenza  A 
infected  stimulator  cells  contained  cytoplasmic  antigen  which  reacted  with  the 
antimurine  interferon  alpha  antibody  or  the  antimurine  gamma  interferon  anti¬ 
body.  The  percentage  of  cells  containing  gamma  interferon  increased  to  over 
50%  when  the  stimulator  cells  were  placed  on  H-2d  matched  target  cells 
infected  with  the  homologous  virus.  Thus,  the  data  in  the  table  suggest  that 
following  antigenic  stimulation,  bulk  cultures  of  lymphocytes  contain  a  high 
percentage  of  lymphocytes  which  contain  interferon  gamma  in  their  cytoplasm  as 
a  result  of  interaction  with  influenza  A  infected  stimulator  cells.  Following 
further  stimulation  by  contact  with  target  cells  infected  with  influenza 
viruses  there  is  an  increase  in  the  percentage  of  cells  which  contain  inter¬ 
feron,  especially  those  which  contain  murine  gamma  interferon. 

TABLE  8 

Percentage  of  In  Vitro  Stimulated  Cells  Containing  Interferon  Antigen 


Addition  of  Stimulators 
to  Tarqet  Cells 

NRS 

Anti  mu  IFN  a 

Anti  mu IFN 

No  Target 

0 

0 

4.6 

Uninfected  P815 

0 

0 

17.5 

A/PC  Infected  P815 

1.7 

6.1 

50.2 

*Used  at  1:30  dilution  in  an  indirect  FA  assay. 


The  antiserum  to  IFN  (supplied  by  Dr.  H.  Johnson  of  Galveston,  Texas) 
which  was  used  In  the  Indirect  flourescent  antibody  in  this  experiment  was 
used  at  a  1:30  dilution.  In  a  subsequent  experiment  the  antisera  was  diluted 
and  detected  cytoplasmic  antigen  in  a  high  percentage  of  the  stimulated 
lymphocytes  at  dilutions  tested  up  to  1:7680.  Thus,  It  is  very  likely  that 
this  antiserum  to  gamma  Interferon  was  reacting  with  gamma  Interferon  in  the 


10 


iVAl 


5» 


cytoplasm  of  the  stimulated  lymphocytes,  and  a  lower  percentage  of  cells 
reacted  with  a  specific  antiserum  to  murine  a/8  interferon  (supplied  by 
Dr.  Kawade  of  Kyoto). 

Table  9 


Percentage  of 

cel  Is 

FA  positive 

at  serum 

di  lution 

Antisera 

1:30 

1:120 

1:480 

1:1920 

1:7680 

Anti  murine y'lFN 

50.9 

49.4 

52.3 

40.0 

30.3 

Anti  Murine  a/8lFN 

28.4 

22.9 

22.6 

20.7 

15.5 

Clones  of  virus  specific  T  lymphocytes  and  of  T  cells  producing  gamma 
interferon 

We  have  recently  begun  to  establish  clones  of  virus  specific  T  cells  which 
are  cytototic  in  an  H-2  restricted  virus-specific  fashion  and/or  produce  gamma 
interferon  when  stimulated  by  MHC  matched  virus-infected  stimulator  cells,  as 
described  above.  These  clones  have  been  produced  following  repeated  stimula¬ 
tion  jji  vitro  of  immune  spleen  cells  by  x-irradiated  virus-infected  stimulator 
cells,  and  are  maintained  with  20%  human  T  cell  growth  factor.  Several  clones 
have  been  developed  and  preliminary  characterization  of  these  clones  is  con¬ 
tained  in  Table  10. 

Table  10 

Summary  of  Preliminary  Data  on  Influenza  Specific  Tq  Clones* 


CTL 

MuIFN 

Clones 

activityxx 

Surface  DhenotvDe 

production 

Protection* 

B8 

+  (56%) 

Thylt,  lytl"2+ 

+ 

- 

C3 

+  53%) 

Thyl+,  Lytl-2+ 

+ 

- 

C9 

+  36%) 

Thyl+,  Lytl‘2+ 

C12 

+  (55%) 

Thyl+,  Lytl"2+ 

+ 

Dl 

♦  (32%) 

Thyl+,  lytl'2+ 

D9 

Thyl+,  lytl“2+ 

+ 

+ 

Ell 

+  (34%) 

Thyl+,  lytl+2“ 

F5 

-  (0%) 

Thyl\  Lytl“2+ 

+++ 

+ 

G5 

Thyl+,  Lytl-2+ 

Blank  spaces  indicate  not  tested;  protection  data  based  on  one  immunotherapy 
experiment  and  reduction  in  lung  virus  titer  of  approximately  3-4  fold  for 
♦clones  and  none  by  -clones  (p<0.04). 


xx(  )  values  Indicate  level  of  specific  Immune  lysis  using  clones  of  T  cells 
at  5  or  3:1  E:T  ratios. 


In  summary,  these  experiments  indicate  that  gamma  interferon  is  produced 
following  Interaction  between  stimulated  T  lymphocytes  and  target  cells 
infected  with  the  same  virus.  In  addition,  we  are  developing  clones  of  T 
lymphocytes  which  are  virus  specific  and  produce  gamma  interferon.  The  pro¬ 
duction  of  this  interferon  is  controlled  by  MHC  restriction  and  is  viral  anti¬ 
gen  specific.  Lymphocytes  exposed  to  the  appropriate  antigen  presenting 
cells,  infected  with  influenza  A  virus  and  sharing  the  same  major  histo¬ 
compatibility  antigens,  contain  gamma  in  their  cytoplasm.  Upon  exposure  to 
target  cells  Infected  with  the  same  virus  there  is  a  further  increase  in  the 
number  of  lymphocytes  which  have  gamma  Interferon  detected  in  their  cytoplasm. 

In  the  coming  year,  we  will  characterize  the  cells  which  produce  gamma 
Interferon  when  thqy  recognize  influenza  infected  cells  in  vitro  and  in  vivo, 
using  techniques  such  as  those  recently  reported  from  DeLey's  Laboratory.  In 
addition  we  will  use  two  conjugates,  flourescein  and  rhodamine  to  determine 
whether  given  cells  contain  just  alpha  interferon,  or  gamma  interferon  inter¬ 
feron  antigens.  Other  work  in  progress  includes  developing  clones  of  lympho¬ 
cytes  that  have  been  stimulated  with  influenza  A  Infected  stimulator  cells, 
which  are  highly  cytotoxic  and/or  very  active  producers  of  gamma  interferon. 
These  clones  should  provide  valuable  Information  on  the  relative  contribution 
of  gamma  Interferon  and/or  cytotoxic  destruction  of  the  virus  Infected  organ 
In  recovery  following  immunotherapy. 

With  the  rapid  development  of  recombinant  DNA  methods  for  preparing  puri¬ 
fied  interferons,  we  have  decided  to  await  the  very  likely  availability  in  the 
near  future  of  purified  murine  gamma  interferon  before  performing  direct 
Immunotherapeutlc  experiments  with  g mm  interferon.  We  could  prepare  murine 
gamma  Interferon  following  the  methods  of  Havel,  but  the  recent  publication  of 
the  complete  sequence  of  murine  gamma  interferon  indicates  there  is*  very 
likely  to  be  a  commercial  source  of  .recombinant  DNA  prepared  murine  gamma 
interferon  in  the  near  future,  as  well  as  a  monoclonal  antibody  to  the  same. 
Thus  we  have  focused  our  efforts  In  these  first  months  on  tightening  our 
Immunotherapeutlc  protocol  and  on  dissecting  In  some  detail  the  possible  con¬ 
tribution  of  gamma  Interferon  In  this  Immunotherapeutlc  approach.  We  expect 
in  the  coming  year  to  extend  experiments  on  the  gamma  interferon  production 
when  virus  Infected  target  cells  are  exposed  to  sensitized  lymphocytes.  With 
the  availability  of  higher  titer  monoclonal  antibodies  to  alpha  and  gamma 
Interferon  we  will  perform  In  vivo  experiments  to  determine  whether  adminis¬ 
tration  of  antigamma  Interferon  wll  1  block  this  protected  immunotherapeutic 
effect.  Although  we  have  been  kindly  provided  antisera  to  gamma  interferon  by 
Drs.  Havel  1  and  Johnson,  they  are  polyclonal  and  are  not  of  high  enough  titer 
to  use  In  the  complex  In  vivo  challenge  and  transfer  studies.  We  have  used 
them  extensively  for  characterization  of  the  Interferons  produced  in  vivo  and 
in  vitro. 
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